Genetic data suggesting the absence of crossover in Saccharomycodes ludwigii have been described. Tetrad data obtained from 888 asci from 60 pairs of genes with 22 genetic markers showed the absence of tetratype asci, except for 5 asci in which a single pair of alleles showed tetratype segregation to the other genetic markers in each ascus. Spore arrays in the linear asci showed that the + -+ -and + --+ (or -+ + -) asci occurred at almost equal frequencies. The two coherent spores at each end of an ascus were always marked with different alleles of a gene.
In the pioneering genetic studies of Winge and Laustsen (12) , a characteristic life cycle was demonstrated in Saccharomycodes ludwigii. Their original strain was a heterothallic diploid. On sporulation, each cell became an ascus containing two pairs of spores, one pair at each end. Normally, each pair of spores copulates just as the spore germinates and produces diploid cells. Hence, there is no opportunity for haplophase multiplication in the natural habitat. However, they obtained haploid vegetative cells by single spore isolation. By tetrad dissection, they observed that two pairs of genes, Lli and N/n, which originally were marked in their strain, never showed tetratype segregation, whereas almost equal frequencies of the parental ditype and nonparental ditype asci occurred. Lindegren (6) explained this phenomenon by assuming that the location of the gene pair LIl was on a different chromosome from N/n, with both loci being sufficiently close to the centromeres on their respective chromosomes. One of two coherent spores at one end of the ascus always carried one allele for the N and L genes; the second carried the other allele. Since adjacent spores fuse at germination, the resultant diploids are again heterozygous for both the L and N loci and are probably also heterozygous for the mating-type alleles, or any other heterozygous gene in the original diploid.
In a previous series ff studies, we observed heterothallism in two independent strains of S.
ludwigii, 0-17 and 0-81, and observed two mating (agglutination) types, a and a, with mutual agglutination in the spore cultures from these strains (10) . These two mating types are probably controlled by a pair of alleles, a and a, because all the haploid segregants in the tetrads so far examined showed 2a:2a segregation. (Previous symbols for the phenotype of the mating types [agglutination types], X and Y [10] , and for the respective genotypes, h+ and h- [18] , have been respectively revised as a and a.) Diploid formation by cell-to-cell fusion between haploid vegetative cells of opposite mating types was carried out (14) , as well as the normal spore-to-spore fusion occurring at germination. Many auxotrophic mutants were isolated from the haploid strains after ultraviolet mutagenesis (18) . During these studies, the occurrence of a polyploid series of cells was suggested by the deoxyribonucleic acid content of the cells, the cell weight, and by genetic analysis of some diploid derivatives (15) (16) (17) .
The present communication deals with an investigation of the segregation patterns of the auxotrophic markers in the asci. We observed that two coherent spores at either end of an ascus were marked with different alleles for all the 22 genes tested. In 60 pairs of loci among these genes in the 888 asci tested, there were no tetratype asci, except for 5 Rij (7) . Sock cultures were kept at 4 C in diluted malt extract (Blg. 5°). For the mating of two haploid clones of opposite mating types, the synthetic nutrient medium described by Lindegren (6) , to which 1% NaCl had been added to accelerate agglutination (10, 13), was used. Synthetic minimal medium was prepared according to the procedure of Wickerham (11 46 asci from the diploid prepared by the M-1 (a adel) x M-11 (a his3) cross; metl in 9 and 20 asci from the M-18 (a metl) x M-10 (a his2) and the M-18 (a metl) x M-2 (a adel) crosses, respectively; argl in one of 70 asci from the R-48 (a argl gual) x M-5 (a ura2) cross; and ade3 in one of 49 asci from the M-36 (a gua2) x R-51 (a ade3 his3) cross (Table 2) .
Another striking observation is that only parental ditype segregations were seen for the mating-type, gual, and his2 genes, and also for the argl, ilvl, and metl genes. To test this possibility, four-spored linear asci from diploids of three different combinations, i.e., the M-1 (a adel) x R-36 (a gua2), M-1 (a adel) x M-11 (a his3), and R-52 (a lysl ural) x R-40 (a ade2 his2) crosses in which the linear asci were sufficiently formed for tetrad dissection, were carefully dissected, and the tetrad spores from 10 asci of each were collected in their original order in the ascus. None of the genes showed linkage to another in these crosses (Table 1) . Two types of segregation occurred, types I and II, with almost equal frequencies ( (Table 4) showed that all the coherent spore pairs were marked with different alleles for all the tested markers.
DISCUSSION
The concept of nuclear migration at meiosis in S. ludwigii was suggested by Guilliermond in 1903 (2) . He posited that daughter nuclei of the primary nucleus move to opposite ends of the ascus, and then both divide on the spot. If Guilliermond's description were correct, then the two coherent spores should contain sister nuclei. Winge and Laustsen (12) negated Guillier-patterns for the genetic traits, LIl and N/n, and mond's scheme of nuclear migration by their by their cytological studies. Since they noted observations of the chracteristic segregation that the two coherent spores could copulate just The schemes of nuclear migration at the first and second meiotic divisions were adopted from that of Winge and Laustsen (A -B1 -C1) (12) and that of Lindegren (A _ B2 --C2) (6) . + and -, Centromeres of a pair of homologous chromosomes.
less, into two pairs that lie one at each end of the ascus. Furthermore, the fact observed by Kreger-van Rij (5) , that the S. ludwigii has a round spore with a narrow but distinct ledge and that the two coherent spores lie in a brimto-brim position, may also facilitate the copulation between two coherent spores at each end but not between the inner two spores of the type I ascus.
The absence or very low frequency of a tetratype ascus is not explained by the mode of nuclear migration at meiosis. Lindegren's speculation (6) on the absence of a tetratype ascus is also unlikely, because it is difficult to envisage that all of the 22 loci, some of which might be located on the same chromosomes, are centromere markers. Since the frequencies of sporulation and spore viability for all the diploids so far tested were high and recombinant clones in nonparental ditype tetrads were indistinguishable from the parental clones with respect to their growth characteristics on nutrient or any other medium tested, it is unlikely that the absence of tetratype asci could be explained by postulating that recombination produces a lethal effect on the spore. Thus, it is most probable that the absence or very low frequency of tetratype asci may be due to the absence of crossing over in S. ludwigii. The mechanisms that prevent crossing over and that give rise to the rare tetratype asci have yet to be determined.
